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The article describes the potentiality of submarine reception of radio signals emitted by shore radio 
transmitter with a horizontal antenna in the wavelength range based on interaction radio and acoustic 
waves in skin-layer. 
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Сибирский федеральный университет 
Россия, 660041, Красноярск, пр. Свободный, 79
В статье рассматривается взаимодействие электромагнитных и акустических волн 
в ионопроводящих средах, в частности, в морской воде для решения прикладной задачи 
обеспечения радиоприема подводными аппаратами на больших глубинах.
Ключевые слова: радио, телекоммуникации, морская вода, проводимость, акустические 
волны.
The need for the reception of radio signals under water without surfacing of underwater vehicle 
(UV) emerges in many problems of both military and civilian technology, in particular for navigation 
and control of the UV including the under-ice diving, during the seismic sensing of the earth in the 
Polar Regions, when the sea surface is tightly covered with pack ice.
Consider the problem of signal reception under the sea surface making use of the effect of signal 
heterodyning in the skin layer of the electromagnetic wave by «highlighting» the water by ultrasound 
from the board of an underwater vehicle (Fig. 1).
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In the figure, the electromagnetic wave (EW) emitted by coastal or aeronautical radio station 
carrying the message signal becomes elliptically polarized at the border water-air with a vertical 
component of the electric field E1z and horizontal components of the electric and magnetic fields E1x 
and H1y respectively. At the same time the water surface is irradiated with directional acoustic radiation 
3, formed by means of ultrasonic emitters located on the hull of the underwater vehicle 4 (UV). As 
a result of parametric interaction of the horizontal component of the electric field E1x of frequency fe 
with a power flux of the acoustic radiation of frequency fa the residual signal of frequency F = fe – fà is 
formed in the skin layer of the E-field radiation falling onto the surface. Subject to validity of the ratio 
F>>fe the electromagnetic signal of difference frequency penetrates to a depth h with a much smaller 
absorption as compared to the signal of frequency fe and is received by the UV. The intensity vectors 
E2x and H2y of the EM field of the difference frequency F create signals of informational message at the 
receiving antennas of the UV.
The traditional scheme of underwater reception of radio signals today is realized by means of 
receiving by an electric antenna towed by the UV (floating cable), with a diving depth of UV of about 
100m. Direct reception by the antenna, located on the UV, depending on the carrier frequency fe, is 
possible on the depths of about 10 m in the frequency range 50-100 kHz and 100-150 m in the range of 
hundreds of Hertz.
It is interesting to evaluate the possibility of reception of radio signals by means of the parametric 
method. Because of the complexity of the problem we give an approximate estimation of parameters of 
the radio signal: signal strength, SNR for given values of rate of data transmission for the case of a plane 
wave in the reception area and the equivalent linear model (virtual) electromagnetic signal transmitter 
at the difference frequency F, formed in the interaction area between acoustic and electromagnetic 
waves on the water surface.
In the case of plane wave intensities of the field of difference frequency can be defined as:
transmission for the case of a plane wave in the reception area and the equivalent linear model 
(virtual) electromagnetic signal transmitter at th  diff rence frequency F, formed in th  
interaction area between acoustic and electromagnetic waves on the water surface. 
In the case of plane wave intensities of the field of difference frequency can be defined as: 
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 – is the refraction coefficient of electromagnetic wave at the water-air 
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 –  is the permittivity of free space; 2E эfω = π  – is the carrier frequency. 
Equation (2) is determined by the approximate Leontovich boundary conditions [3] and 
corresponds to the continuity of the horizontal component of the magnetic field at the water-air 
boundary. 
In accordance with [4, 5]: 
61.75 10m I−σ = ⋅ ,                            (3) 
where I  – stands for the intensity of acoustic radiation at the surface of water in W/m2. 
When using the receiver electrical antenna of length, located on the UV, the received 
signal of frequency 2м Fω = π  can be found using the relation: 
                  2 2E x AU E L= .                                        (4) (4) 
For the case of the magnetic antenna: 
               
2 2 0H y м AU H S= μ ω ,                                (5) (5) 
where 7
0 4 10
−μ = π ⋅  H/m2 –  is the magnetic permeability of free space; SA  – is the effective 
area of the receiving magnetic antenna. 
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Fig. 1. Radio reception by means of parametrical method: 1 – components of the electromagnetic wave vector; 
2 – water surface; 3 – pattern of the acoustic radiation; 4 – UV
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where 
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From (11) it is obvious that the reliability of receiving messages depends on the parameters q, 
B, mE(fe, σ, I). 
On the surface of the sea the level of the horizontal component of the electric field 
corresponds to the frequency range of 100-1000 Hz (-140) to (-160) dB/V2/m2 Hz. 
The magnetic field intensity of noise on the surface of the water is: 1 ( 120) ( 140)IH = − ÷ −  
dB/V2/m2 Hz. 
If 61 10IH
−=  A/m•Hz; 310m −σ = ; 10q = ;  we obtain from (11) a numerical estimate of the 
required field intensity at the receiving point: 
                                   4
1 20 10zF
−= ⋅ V/m = 2 mV/ m•Hz.                       (12)  
The estimation 
1zF according to (14) 1 160IF =  dB/V2/m2 gives:  
1 82
4
1 3
10 10 10 100 .
1000 10z
E V m Hz V m Hz
−
−
−
⎛ ⎞= ⋅ = = μ⎜ ⎟⎝ ⎠
                         (13) 
Since the impedance of air is W = 377 Ohms, the magnetic field intensity of noise 
corresponding to the level of 1zE  (13) is equal to:  
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According to other data [2], the level of atmospheric noise at a frequency of 100 Hz 
corresponds to 
1 200AE V m Hz≈ μ . In this case it is necessary to ensure that on the surface of the 
sea: 
1 3
2000,1 20
10z
E V m Hz−= ⋅ = μ .                     (15) 
Thus, according to various estimates, the required electric field strength at the sea surface 
varies over a wide range from an acceptable value (13), (14) to an unattainable at long distances 
(15). Note that these estimates do not take into account the depth of the UV and the required 
transmit power of the station is determined only by the level of uncorrelated noise at the sea 
surface. 
Since the magnitude of the electrical conductivity of water is mainly determined by the 
concentration of ions of impurity salts, the oscillating pressure of the ultrasound, causing an 
intense shift of the impurity ions in the direction of the power flux of sound, leads to an intense 
increase of conduction current, which explains the above mentioned effect of ultrasound on the 
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required field intensity at the receiving point: 
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According to other data [2], the level of atmospheric noise at a frequency of 100 Hz 
corresponds t  
1 200AE V m Hz≈ μ . In this case it is necessary to ensure that on the surface of the 
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Thus, according to various estimates, the required electric field strength at the sea surface 
varies over a wide range from an acceptable value (13), (14) to an unattainable at long distances 
(15). Note that these estimates do not take into account the depth of the UV and the required 
transmit power of the station is determined only by the level of uncorrelated noise at the sea 
surface. 
Since the magnitude of the elec rical conduct vity f water is mainly determined by th  
concentration of ions of impurity salts, the oscillating pressure of the ultrasound, causing an 
intense shift of the impurity ions in the direction of the power flux of sound, leads to an intense 
increase of conduction current, which explains the above mentioned effect of ultrasound on the 
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From (11) it is obvious that the reliability of receiving messages depends on the parameters q, 
B, mE(fe, σ, I).
On the surface of the sea the level of the horizontal component of the electric field 
corresponds to the frequency r nge of 100-1000 Hz (-140) to (-160) dB/V2/m2 Hz. 
The magnetic field i tensity of noise on the surface of the water is: 1 ( 120) ( 140)I = − ÷ −  
dB/V2/m2 Hz. 
If 61 10IH
−=  A/m•Hz; 310m −σ = ; 10q = ;  we obtain from (11) a numerical estimate of the 
required field inte sity at the receiving poi t:
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Since the impeda ce of air is W = 377 Ohms, the a netic field intensity of noise 
corresponding to the level of 1zE  (13) is equal to:  
              
4
61
1
10 0.27 10
377
z
I
EH A m Hz
W
−
−= = = ⋅ .          (14) 
According to other data [2], the level of atmospheric noise at a frequency of 100 Hz 
corresp nds to 
1 200AE V m Hz≈ μ . In this case it is necessary to ensure that on the surface of the
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Thus, according to various estimates, the required electric field strength at the sea surface 
varies over a wide range fr m an acceptable value (13), (14) to an una tainable at long di tances
(15). Not  that these estimates do not ke into account the depth of he UV nd the requir d
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concentra ion of ions of impurity salts, the oscillat ng pressure of the ultrasound, causing an
intense shift of the impurity ions in the direction of the power flux of sound, leads to n intense
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Thus, according to various estimates, the required electric field strength at the sea surface varies 
ver a wide range from an acceptabl  value (13), (14) to an unattainable at long distan s (15). Note 
that these estimates do not take into account the depth of the UV and the required transmit power of 
the station is determined only by the level of uncorrelated noise at the sea surface.
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Since the magnitude of the electrical conductivity of water is mainly determined by the 
concentration of ions of impurity salts, the oscillating pressure of the ultrasound, causing an intense 
shift of the impurity ions in the direction of the power flux of sound, leads to an intense increase 
of conduction current, which explains the above mentioned effect of ultrasound on the electrical 
conductivity. At the modulation frequency F = fe- fa =1 Hz signal reception is possible at a depth of 100 
m, which is unattainable using any other method of transmission. 
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